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Studies on the Citrate Complex of Aluminium (III) 
Rabindra K. Pattnaik and S. Pani 


Aluminium (III) reacts with citric acid at lower pH, forming a neutral complex and liberating three 
protons simultaneously. At higher pH range (above pH 3.1), the complex C behaves like a dibasic acid and 
dissociates to complexes C,~ and C2?~ in two steps. The equilibrium constant of the reactions : 

Al++H3Cit = C+3H*, C= C:~+H*, and = C?-+H* 
are 1.948 1073; 3.225 1074, and 1.61610~7 respectively. 

The citrate ligand occupies the threé co-ordination position and the other three co-ordination positions of 
aluminium are occupied by three water molecules. 

Collete, Bertin, and Batch (Ann. chim., 1952, 481, 531) have reported that Al°* 
forms a 1:1 complex with citric acid. In the present communication, formation cf the 
citrate complex has been studied with Al** by the methed of pH measurement. 


EXPERIMENTAL 

Aluminium perchlorate was prepared by dissolving very pure sample of an alumini- 
um foil with a known amount (weight) of standardised 70%, perchloric acid. The solution 
was made to 500c.c. Aluminium content was estimated as Al,O,. The excess of free per- 
chloric acid present in the solution was calculated from the concentration of Al’*. The free 
perchloric acid was neutralised by standard NaOH solution after addition of a known 
amount of citric acid in the following experiments. 

(I). An aliquot (100c.c.) of the solution containing 1.0002 x 10~g. mole of aluminium 
perchlorate, 1.5 x 10-3 g. mole of citric acid, and 2.5 x 10~ g. mole of sodium perchlorate 
was titrated against V/5-NaOH at 33°. The results are represented graphically by curve B 
in Fig. 1. 

In another experiment, the same volume of the solution containing 1.5 x 1073 g. mole 
of citric acid and 2.5 x 10~ g. mole of sodium perchlorate was titrated against N/5-NaOH 
at the same temperature. The results are represented graphically by curve A in Fig. 1. 

Sodium perchlorate was added to maintain very nearly the constant ionic strength 
in both the solutions. 

(II). Another aliquot (100 c. c.) of the solution containing .00C02 x 1073 g. mole of: lu- 
minium perchlorate, 5 x 10~3g. mole of citric acid, and 2.5 10~ g. mole of sodium per- 
chlorate was titrated against N/5-NaOH at 33°. The results obtained are represented 
by curve B in Fig. 2. 

In another experiment the same volume of solution containing 5.0 x 1073 g. mole of 
citric acid and 2.5 x 10~? g. mole of sodium perchlorate was titrated against N/5-NaOH 
at the same temperature. The results are represented graphically by curve A in Fig. 2. 

(III). A portion of the above solution (100 c.c.) containing 1.00 x 1073 g. mole of 
aluminium perchlorate, 2.0 x 10~ g. mole of sodium citrate, and 3.2 x 10~ g. mole of sodi- 
um perchlorate was titrated against 0.1N-NaOH at 33°. The results obtained are re- 
presented graphically by curve B in Fig. 3. 
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N/5-NaOH added in c.c. 
FIG. 1 


In another experiment the same volume of another solution containing 2.0 x 107? 
g. mole of sodium citrate and 3.2 x 107? g. mole of sodium perchlorate was titrated against 
0.1N-NaOH at the same temperature. The results are represented graphically by curve A 


in Fig. 3. 


DISCUSSION 

As observed in the investigations of other systems, the pH of the system B in each 

case is lower than the corresponding pH in the system A. This indicates the liberation of 
acid due to complex formation between Al3* ion and citric acid. The horizontal distance 
increases gradually in the beginning and then decreases. But after pH 6.0, the horizontal 
distance again increases. In experiment (II), the complex containing more than one 
citrate ligand is not indicated though the ligand to metal ratio is nearly 5:1 as the horizon- 
tal distance, which may be taken roughly as the measure of the amount of acid liberated, 
is practically not different from that obtained in experiment (I). 


Calculation of Equilibrium Constant 


The reaction taking place in experiments (I) and (II) is assumed to be 
Al*+H,Cit = C+nH*t 


$80 
-9.4 
7.8 
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30 ¥ 
10 18 26 
(1) 
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where C is the aluminium citrate complex. The charge of the complex, if any, is not shown. 
The equilibrium constant is given by equation (1-1). 
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N/5 -NaOH added in ¢.c. 
FIG. 2 
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0.1.N -NaOH added in c.c. 
FIG. 3 


[Al* ] [H,Cit] ~ 
By proceeding in a manner similar to that adopted in the study of cadmium citrate 
complex (Pattnaik and Pani, this Journal, 1957, 24, 673) it can be shown that 
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STUDIES ON THE CITRATE COMPLEX OF ALUMINIUM (IIT) 


When the formation of the complex is complete 
[C] =[Al(C10,)5] 
Hence 


A [Ct] 


(2-1) 


The values of n are calculated from experiment (I) by equation (2-1), as determined in 
the case of cadmium citrate system, and are reported in Table I. » is found to be 2.48 
even at pH 2.5. The value of n gradually increases with increasing »H and becomes 3 at 
pH 3.1. Hence below pH 3.1, a neutral complex C is formed by the interaction of citric 
acid and aluminium ion with the liberation of three protons. The formation of this neutral 
complex C is complete at pH 3.1. The concentration of the complex C below pH 3.1 is cal- 
culated by equation (2) assuming n to be 3. 

The equilibrium constant K is calculated as before by equation (1-1). The values are 
recorded in TableI. The mean value is 1.948 x 10~°. The values of K are constant 
throughout the pH range. 

Towards the higher » H range, n is greater than 3. The complex C therefore dissociates 
like an acid to complex Ci” and a proton above pH 3.1. 


C=C + (4) 


Ht) 
[cy —*: 


It can be shown as before that 


(n—3) XL 
(4—n) = &, 
The values of K,, calculated by the above equation, are recorded in Table IT, The 
mean value of K, is 3.225 « 1074. 


TABLE II 
4—n. K,X104. 


0.9041 0.8426 
0.8193 1.3920 
0.7089 2.058 
0.5988 2.667 
0.5059 3.088 
0.4352 3.260 
0.3633 3.497 
0.311 3.511 
€.255 3.679 
0.217 3.608 
3.238 
3.414 
3.445 
3.583 
3.084 
3.443 
3.348 
2.680 


383 
pH. n—3. 
3.1 0.0959 
3.2 0.1807 
3.3 0.2911 
3.4 0.4012 
3.5 0.4941 
3.6 0.5648 
3.7 0.6367 
3.8 0.689 
3.9 0.745 
4.0 0.783 
4.1 0.803 
4.2 0.844 
4.3 0.873 
4.4 0.900 
4.5 0.907 
4.8 0.956 
5.0 0.971 
5.2 0.977 
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Above pH 5.5, n is greater than 4 and hence C,” dis39ciates like an acid to another 
complex C,?~ and a proton. 

The dissociation and the dissociation constant are given by equations (5) and (5-1) 
respectively. 


C, ==C,* +H* (5) 
H* 
(1) 


It can be shown as before that 


K,= (n—4) [ H* ] 


(5—n) ee (5-2) 


K, is calculated at different pH values by equation (5-2) and the values are recordid 
in Table III. The mean value of K, is 1.616 x 1077. 


TABLE III 
pH. n—t, 5—n. K2X 107. 
5.5 0.061 0.939 2.090 
5.8 0.084 0.916 1.453 
6.0 0.149 0.851 1.751 
6.2 0.202 0.798 1.597 
6.5 0.273 0.727 1.188 
6.8 0.809 0.691 0.7087 


In experiment (LIT), the yH of the system (B) is lower than that of the system (A). 
The curve B is similar to the neutralisation curve of a strong acid. The pH attained by the 
s olution containing aluminium perchlorate by the addition of 21 c.c. of 0.1 N-NaOH isreach- 
ed by the other solution by the addition of 1 c.c. of 0.1N-NaOH. So 20 c.c. of 0.1N-NaOH 
i.¢.,0.092 g. mle of NaOH is consumed by the complex formed from 0.001 g.mole of alumini- 
um perchlorate. The liberation of two protons indicates the existence of the C,7~ complex. 

The structures of the aluminium citrate complexes are similar to those of the ferric 
citrate complexes discussed earlier by the authors (Proceedings of the Symposium on 
the Chenistry of the Co-ordination Compounds, 1959, Part ITI, pp. 102-126). 


DEPARTMENT OF CHEMISTRY, 

University CoLLEGE OF ENGINEERING, Received August 13, 1960. 
Burra, SAMBALPUR, 


be 
Th 
chi 
etl 
th 
si) 
ur 
in 
al 

1° 
| gre 
str 
ber 
rea 
anc 
ter! 
CH 


[ Jour. Indian Chem. Soc., Vol. 38, No. 7, 1961 } 


Studies in Dieckmann Cyclisation. Part JJ. Dieckmann Cycli- 
sation of Trimethyl 2-Methylhexane-1,2,5:Tricarboxylate 


Jadugopal Dutta and Rabindra Nath Biswas 


The Dieckmann cyclisation of trimethyl 2-methylhexane-1,2,5-tricarboxylate (Ia) with sodium dust in 
benzene medium proceeds smoothly, but no cyclisation can be effected by sodium methoxide in methanol. 
The cyclisation of (Ia) is presumed to proceed through a boat form transition state intermediate, since the 
chair form intermediate would involve 1,3-diaxial interaction. Synthesis of the tri-ester (le) starting from 
ethy! 5-oxo-2-methylhexanoate has been described. 


In Part I (Dutta and Biswas, this Jowrna/ 1951, 28, 32.5) of this series, it was postulated 
that the cyclisation of triethyl 2-methylpentane-1,2,5-tricarboxylate (Ib) failed to yield any 
six-ring cyclisation product owing to a strong 1,3-diaxial interaction between the methy| 
group and the group R’ in the transition state intermediate (II). This would certainly 
involve higher energy than the five-ring intermediate involving no such interaction (Dutta 
and Biswas, loc. cit.). 


R Me 


| | 
R’0,C-CH-(CH,),-C CH,— CO,R’ 
| 


CO,R 
(Ia: R=R’=Me; Ib: K=H; R'=Et) 


E:0,C 
! 


Lt 


(II: R’=O-or OEt; R’=OEt or O°) 


(III: or OMe: R’=OMe or O°) 


With a view to testing this hypothesis, we synthesised trimethyl 2-methylhexane- 
1,2,5-tricarboxylate (Ia) in which the cyclisation at C, was prevented (vide infra) by a methyl 
group and thus leaving the alternative cyclisation only at C, to proceed through a highly 
strained transition state intermediate (III). Contrary to our expectation the cyclisation in 
benzene medium using sodium dust, however, proceeded smoothly. On the other hand, no 
cyclisation could be effected by the action of sodium methoxide in refluxing methanol, a 
reagent which smoothly brought about the cyclisation of the lower homologue (Ib) (Dutta 
and Biswas, Joc cit.). These results support our view that the cyclisation through the in- 
termediate (II) or (IIT) involves higher energy, due to 1,3-diaxial interaction between 
CH,: O (or OEt or OMe). 
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Recently it has been demonstrated that cyclohexane ring in certain cases exi-ts 
preferentially in the boat form (Barton et al., J. Chem. Soc., 1957, 2907; Lyle, J. Org. 
Chem., 1957, 22, 1280; George and Wright, J. Amer. Chem. Soc., 1958, 80, 1200; Djerassi 
et al, , tbid., 1959, 81, 4997). In a recent communication Allinger and Freiberg (ibid., 1950, 
82, 2393) have obtained evidence to show that the trans-isomer of 1,3-dibutyl* cyclohexane 
exists in koat form. They found the difference in energy between the chair and boat forms 
to be 5.9+0.6 kcal. 


In the light of the above considerations we are led to postulate that in cyclisation 
of the tri-ester (Ia), as the transition state intermediate (IV) involving the boat form will 
preclude the 1,3-diaxial interaction of the type associated with (IIT), the reaction in all 
probability proceeds via (IV). This is in harmony with the reluctance of the tri-ester (Ia) 
to cyclisation by the action of sodium methoxide in methanol, possibly owing to the failure 
to attain the energy required to flip the molecule into a boat form intermediate. The in- 
termediate (IV) on loss of the methoxy] ion is expected to yield (V). This is free to assume 
the chair form (VI) due to the absence of 1,3-diaxial interaction. The final step will be 
completed by the formation of the enolate (VII). The cyclisation should, therefore, be 
expected to be facile in benzene, which is able to provide the required energy for the transi- 
tion state (IV) since the transformation of (V) to (VII) through (VI) will actually involve 
a gain in energy. 


(Ia) 


(VII) (VI) 


For the preparation of the tri-ester (Ia) the procedure employed for the synthesis 
of the lower homologue (Ib), developed by Banerjee (this Journal, 1940, 17, 423), was 
employed. Ethyl 5-oxo-2-methylhexanoate (VIII) was prepared by an improved proce- 
dure through the Michael addition (77% yield) of ethyl acetoacetate to methyl methacry- 
late (Meek et al., J. Chem. Soc., 1953., 813) followed by hydrolysis and esterification of the 
resulting 5 -keto-acid with ethanol and sulphuric acid. The keto-ester (VIII) was then allow- 
ed to react with ethyl cyanoacetate according to the procedure of Cope et al. (J. Amer. 
Chem. Soc., 1941, 68, 3452) to yield the unsaturated cyano-ester (IX) in good yield. Ad- 
dition of the elements of hydrogen cyanide to the unsaturated cyano-ester (Hope and Shel- 
don, J. Chem. Soc., 1922, 121, 2223; Banerjee, Joc. cit.) produced the saturated dicyano- 
ester (X) in excellent yield. The latter on hydrolysis with concentrated hydrochloric acid 


fur 


acl 


(XI 
wit! 
star 


obt. 
wit! 
eth: 
(X\ 


ben 
be ji 
witl 


eycl 
Ban 
witl 
186. 
pros 
whi 


H Me’ a 
— MeO,C Me Me0,C 
CO,Me R CO,Me 
H R’ 
(Iv) (V) 
R=O or OMe 
R’= OMe or {| 
Ms CO,Me Me 
Me 


387 


STUDIES IN DIECKMANN CYCLISATION 


furnished a crystalline tri-acid (XI), which was esterified with methanol and sulphuric 
acid to yield the desired tri-ester (La), 


Me Me 


CH,(CN) CO, Et 
MeCO(CH,),-CH-CO, Et Me-C-(CH,),-CH-CO, Et 


CN-C-CO, Et 
(IX) 


(VITT) 


R, Me Me 


| | 
Me-C-(CH,),-CH-CO,R Ref 


| 
R,-CH-CO,R, 


: ‘R, (XIT a: R,=CO,Me; 
(XI: R=R,—R,=H; R,=CO,H) R,=H; R=R,=Me; 
Me XII b: R,=CO,Me; 
R,=H; R=R,=Me) 


Me \-CH,-CO,R’ 
(XIII: R=R,=R,=H; R,=Me) 

> (XVI: R=Et; R,=CO,Et; R,=R,=H) 
R (XVII: R=Me; R,=R,=R,=H) 


(XIV: R=R’=H) 
(XV : R=CO,Me; R’=Me) 


The B-keto-ester, obtained by the cyclisation of (Ia), was hydrolysed to a keto-acid 
(XIII). This yielded a D.N.P.H. derivative, which showed no depression on admixture 
with the same derivative of a keto acid obtained from another sequence of reactions 
starting from methyl 


The compound (XVI) was obtained through the pyrolysis of the ethoxyoxalyl ester 
obtained by the condensation of diethyl oxalate (Kotz, Annalen, 1996; 350, 210; 358, 198) 
with methyl I-methyl-cyclohexan-3-one-carboxylate (XVII) in presence of ethanolic sodium 
ethoxide. An attempt to preparet he compound by condensation of diethyl carbonate with 
(XVII) produced an enolic ether (cf. Wallingford, et al, J. Amer. Chem. Soc., 1941,68, 2252). 


The structure of the 8-keto-ester, thus obtained, was proved through methylation in 
benzene solution. The methylated product on hydrolysis gave a keto acid which could not 
be induced to crystallise. The D. N. P. H. derivative showed no depression on admixture 
with the D.N.P.H. derivative of the keto-acid (XIII) obtained before. 


In this connection the methylation of the B-keto-ester obtained by the Dieckmann 
cyclisation of ethyl 2-methylpentane-1, 2,5-tricarboxylate (Ib) (Dutta and Biswas, loc. cit. ; 
Banerjee, loc. cit.) was studied. The product on hydrolysis gave an acid which was isomeric 
with (XIII) and should be represented as (XIV). This yielded a semicarbazone, m.p. 
186-87° (decomp.). No D.N.P.H. derivative could be obtained. This showed that the 
product from that obtained by the cyclisation of (Ia) had a structure different from (XV), 
which migut have been formed if the cyclisation of (Ia) proceeded appreciably at C,,. 


|| 
ts 
si 
), 
‘0,.R 
re 
R, 
e 
i- 
| 
is 
e 
r. 
a 
)- 
d 
2 


388 


J. DUTTA AND R. N. BISWAS 


Moreover, the cyclisation product of (Ia) developed an intense violet coloration with al- 
coholie ferric chloride solution, indicating the structure of the B-keto-ester to be (XI Ia) 
and not (XIIb), which was corroborated by other. reactions to be communicated 
later. 


EXPERIMENTAL 


Ethyl 5-0x0-2-methylhexanoate (VIII). To a solution of sodium ethoxide in ethanol 
(from 0:8 g sodium and 25 c.c. anhydrous ethanol) was added dropwise freshly distilled ethyl 
acetoacetate (50c.c.) while the reaction flask was being cooled in iced water. A solution of 
freshly distilled methyl « -methylacrylate (27.5 g) in dry benzene (30 c.c) was added drop. 
wise to the above product with constant swirling. After half-an-hour the solution was heat- 
ed under reflux on a water bath for 5 hours and then left at room temperature for 48 hours, 
The reaction mixture was acidified with cold dilute acetic acid and extracted twice with 
ether-benzene mixture. The combined ether-benzene layer was washed thoroughly free of 
acid. Afler removal of the solvent the residue on distillation gave methyl 4-ethoxycarbony| 
5-oxo-2-methylhexanoate (49.1 g), b.p. 130-32°/4.5 mm (lit. b.p. 103-105 /0.5mm) as a pale, 
yellowish green oil in 77% yield (Meek et al, loc. cit. report 57%). 

The above ester was heated under reflux with 6N HCI (150 ¢.c.) for 20 hours. The 
brown solution was evaporated in a porcelain basin on a steam bath as far as practicable. 
After removal of last traces of moisture by azeotropic distillation with benzene, the res- 
dual brown gummy acid was heated under reflux with a mixture of ethanol (twice 
distilled over CaO; 60 c.c.) and H,SO, (conc., 3-6 ¢.c.),on a steam_bath for 18 hours to 
furnish the ester (27.5 g), b.p. 84-85°/2 mm. (Found: C, 63:01; H, 9.08. CH, 
requires C, 62.79; H, 9.30°%,). 


1,5- (IX).—A solution of the above keto-ester 
(27.5 g), ethyl cyanoacetate (18.7 g) and glacial acetic acid (8.c.c.) in benzene (60 ¢.c.) was 
continuously distilled with addition of ammonium acetate (3.5 g) using a constant water 
separator. Water was removed from time to time and the distillation was continued for 2 
hours more after the separation of water became negligible. After a total period of 16 
hours, the reaction mixture was cooled and washed thoroughly with ice-cold water to free 
from acid. After evaporation of the solvent the residue on distillation furnished the un- 
saturated cyano-ester (36.5 g), b.p. 156-58 °/2.5mm, 1.4684. (Found: C, 63.51; H,7.80. 
C,,H,,0,N requires C , 62.90; H, 7.90%). 

1 ,5- Dicarbethoay-| ,2-dicyano-2-methylhexane (X).—A solution of potassium cyanide 
(19 g) in water (103 ¢.c.) was slowly added to a solution of the above unsaturated cyano- 
ester (36.5 g) in rectified spirit (158 c.c.). The mixture was cooled in ice for 30 mins. and 
treated dropwise with HCI (d. 1.155, 23.5 c.c.) diluted with ice-cold water (16 ¢.c.). It was 
then acidified with HC] (23.5c¢.c. acid diluted with 23.5 c.c. water). The dicyano-ester, which 
separated as a thick oil, was taken up in ether. The ethereal extract was washed with water, 
dried (Na,SO,), solvent removed. The residue was distilled to furnish a colorless oil (25.2 g) 
b.p. 182-84°/0.8 mm. mp?? 1.4512. (Found: C, 61.88; H, 7.68. C,,H,,0,N, requires 
C, 61.21; H, 7.53%). 

2-Methylhexane-1,2 5-tricarboxylic Acid (X1).—A mixture of the above dicyano- 
diester (34.3 g) and HCI (conc. 350c.c.) was heated under reflux for 96 hours. The reaction 
mixture was evaporated in a porcelain basin on a steam bath. The solid residue was crys- 
tallised from ether-petroleum ether (40°-60°) mixture to furnish a white crystalline solid, 
m.p. 148-48.5 (Found: C, 51.57; H, 6.70. C,,H,¢0¢ requires C, 51,72; H, 6.93%). 
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T'rimethyl-2-methylhexane-\ ,2,5-tricarboaxylate (la) —The above crude acid (25g.) was 
esterified by heating with a mixture of anhydrous methanol (150 c¢.c.) and H,SO, (d 1.84; 
21 c.c.) under reflux for 90 hours and worked up in an usual manner using ether-benzene 
mixture for extraction to furnish the tri-ester (23.3 g), b.p. 128-30 /0.5 mm. ny** 1.4462. 
(Found; C, 57.05; H, 7.76. C,,H,,.0¢ requires C , 56.92; H, 8.08°%). 


Dieckmann Cyclisation of Trimethyl 2-Methylhexane-1,2,5-tricarbcaylate (Ia) 


(a) With Sodium Dust in Benzene Solution.—A mixture of the tri-ester (4.38 g) and 
sodium dust (0.76 g) in dry benzene (15 ¢.c.) and anhydrous methanol (0.1 ¢.c.) was heated 
under reflux (oil bath, 105-10 °) in an atmosphere of nitrogen for 34 hours. The brownish 
reaction mixture was cooled, acidified with ice-cold dilute hydrochloric acid. The benzene 
layer was separated and the aqueous layer extracted thrice with ether. The combined 
ether-benzene layer was washed with brine and dried over anhydrous sodium sulphate. 
After removal of the solvent the residual oil was distilled to furnish the 8-keto-ester (2.9 g) 
b.p. 100-105 /0.5 mm. It gave an intense violet coloration with ethanolic ferric chloride 
solution. (Found : C, 59.36; H, 7.58. C,,H,,0, requires C, 59.50; H, 7.43°,). 

Hydrolysis of the B-Keto-ester to Keto-acid (X111)—The above £-keto-ester (2.9 g) 
was heated under reflux with a mixture of 20°, HCl (28 c¢.c.) and glacial acetic acid 
(l4¢.c.) for 24 hours. The volatile solvent was removed under reduced pressure (water 
pump) from oil bath at 130-40. After removal of the last traces of moisture by dry benzene, 
the residue when evaporatively distilled at 100-10 /0.5 mm gave a distillate (1.4g) 
as a colourless gummy liquid, n»?7 1.4745. (Found : C, 63.35; H, 8.17. CgH,,O, requires C, 
63.53; H, 8.23%). 

The 2,4-dinitrophenylhydrazone was prepared by the perchloric acid method and re- 
crystallised from benzene, m.p. 182-84 . (Found: N, 15.55. C,,H,gN4O¢ requires N, 16.00°,). 


(b) With Sodium Methoxide in Methanol Solution.—A mixture of the tri-ester (4.38 g) 
aud methanolic sodium methoxide solution (prepared from 0.41 g. sodium and 15 c.c. 
Mg-dry methanol) was heated under reflux (oil bath, 90-95 ) in an atmosphere of nitrogen 
for 34 hours. The brownish reaction mixture was cooled, acidified with ice-cold HCI (dil), 
diluted with ice-cold water, and extracted thrice with ether. The combined ethereal ex- 
tract was washed with brine and dried over anhydrous sodium sulphate. After removal of 
the solvent the residual oil was distilled to furnish a distillate (2.86 g), b.p. 110-116°/0.2 
mm. The distillate did not give any coloration with ethanolic ferric chloride solution. 


2-5-Dimethylcyclopentanone-2-acetic Acid (X1V).—To a suspension of powdercd 
sodium (0.76 g) in dry thiophene-free benzene (25 c.c.) the tri-ester (Ib, 5.06 g) was added 
and the mixture was heated under reflux (oil bath, 95-100 )for 34 hours. The reaction 
mixture was cooled in ice for one hour and methy! iodide (3 c.c.) was added with shaking 
and left overnight. Next day more methyl iodide (3 c.c.) was added and heated under re- 
flux on a steam bath for 4 hours. To the cooled reaction mixture water was added and the 
benzene layer was separated. The aqueous layer was extracted with ether. The combined 
ether-benzene layer was washed with water. After removal of the solvent the residue was 
heated under reflux with 20°, HCI (35 c.c.) for60 hours. The reaction mixture was cooled 
and thoroughly extracted with ether after saturation with sodium chloride. The com- 
bined ethereal extract was dried over anhydrous sodium sulphate. After removal of the 
solvent the residue on evaporative distillation at 100-10 /0.4 mm gave a distillate (1.4 g) 
as a colourless thick liquid, np?9-5. 1.4631. (Found: C, 63.11; H, 8.28. CgH,,O, requires C, 
63.53; H, 8.23%). 
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The semicarbazone was prepared by the sodium acetate method and recrystallised 
from aqueous methanol, m.p. 186-87 (decomp.) (Found: C, 52.91; H, 7.57. C,,H,,0,N, 
requires C, 52.86; H, 7.48%). 


Diethyl 1-Methylcyclohexan-3-one-1,4-dicarboxylate(XV1).—To a solutionof sodium 
ethoxide (prepared from 0.55 g. sodium and 7.2¢.c. anhydrous ethanol), cooled in freezing 
mixture, was added a well-cooled mixture of methyl 1-methylcyclohexan-3-one-1-carboxy- 
late (3.7 g) and diethyl oxalate (3.5 g); the mixture was shaken for half-an-hour and left 
overnight. Next day ice-cold water (80 c.c.) was added, acidified with ice-cold H,SO, 
(1:50), and extracted with benzene. The extract was washed with water till free of acid. 
After removal of the solvent the residue was heated on oil bath at_ 180-90° with the addition 
of glass powder for half-an-hour and then distilled to furnish the di-ester (3.9 g), b.p. 
126-28/1.5 mm. The di-ester developed an intense violet colour with EtOH-Fe(l,. 
Analysis indicated that it was a diethyl ester. (Found: C, 60.77;H, 7.40. C,,H,,0, requires 
C, 60.93; H, 7.81%). 


Acid (XIII) —To a suspension of sodium 
dust (0.28 g) in dry thiophene-free benzene (20¢c.c.) was added dropwise a solution of the 
B-ketoester (VI, 2.6g) in dry thiophene-free benzene (25.c.c.) and left overnight. Next day 
the reaction mixture was heated to reflux on a steam-bath for | hour; the reaction mixture 
was cooled in an ice-salt bath, treated with methyl! iodide (1.5 ¢.c.) with shaking, and left 
overnight at room temperature. Next day after the addition of a further quantity of methyl 
iodide (1.5.c.c.) it was heated to reflux for 4 hours. The cooled reaction mixture was poured 
into iced water; the benzene layer was separated; the aqueous layer was extracted once 
with ether-benzene mixture and added to the benzene layer. The combined ether-benzene 
extract was washed with ice-cold5°% NaOH solution, and then with water to free it of alkali. 
After removal of the solvent the residue was heated under reflux with a mixture of 20°, 
HCl (24 c.c.) and glacial acetic acid (15 c.c.). The volatile solvent was removed under re- 
duced pressure (water-pump) from oil bath at 130-40 . After removal of the last traces of 
moisture by dry benzene, the residue, when evaporatively distilled at 95-100°C/0.4. mm, 
gave a distillate (1 g) as a colourless gummy liquid, np?7-° 1.4743. (Found: C, 63.55; H, 
7.92. C,H,,0, requires C, 63.53; H, 8.23%). 
The 2, 4-dinitrophenylhydrazone was prepared by the perchloric acid method (Neu- 
berg, et al., Anal. Chim. Acta, 1952,7, 238) and recrystallised from benzene, m.p. 183-84 . 
No depression in m.p. was observed when mixed with the D. N. P. H. of 1,4-dimethy|- 
cyclohexan-3-one-1-carboxylic acid obtained through another sequence of reactions (Dutta 
and Biswas, /oc. cit.) 
Best thanks of the authorsare due to the Council of Scientific & Industrial Research, 
Government of India, for a research grant and to Dr. M. N. Das for the gift of methy|- 
methacrylate. 
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Synthesis of 6-Benzoyl-8-methyl flavonoids 


Kumuda C. Amin and G. C. Amin* 


6- Benzoy]-8-methylflavanones, -flavones and flavonols have been synthesised from 5’-benzoy1-3’ -methyl-2’ 
-hydroxychalkone derivatives by the action of dilute ethanolic sulphuric acid, selenium dioxide and alkaline 


hydrogen peroxide respectively. 


In continuation of our study of 2’-hydroxychalkones and related heterocyclic com- 
pounds (Amin and Amin, this Journal, 1959, 28, 126 and references cited therein), 6-benzoyl- 
8-methylflavonoid derivatives have been described in the present communication. 
5’-Benzoyl-3’-methyl-2’-hydroxychalkones (1) prepared from 5-benzoyl-3-methyl-2-hy- 
droxyacetophenone (Amin and Amin, this Journal, 1960, 37, 469) were isomerised into 
6-benzoyl-8-methylflavanones (II) by the action of dilute ethanolic sulphuric acid (Sesh- 
adri et a]. Proc. Ind. Acad. Sci., 1954, 389A, 296). 


Similarly, the same chalkones have been cyclodehydrogenated by selenium dioxide in 
isoamyl alcohol into 6-benzoyl-8-methylflavones (III : X =H) (Mahal et al. J. Chem. Soc., 
1935, 866; 1936, 569) and cyclohydroxylated into the corresponding flavonols (IIL: X= 
OH) by alkaline hydrogen. peroxide (Algar and Flynn, Proc. Roy. Irish Acad., 1934, 
428, 1; Chem. Abs., 1935, 29, 161). Thus, 5’-benzoyl-3’-methyl-2’-hydroxychalkc nes could 
be easily converted into the corresponding flavonoids and the presence of—COPh group 
does not inhibit or retard the various reactions (cf. Joshi and Amin, Jzvestia Acad. Nauk, 
USSR, Oldel, Khim. Nauk, 1960, 267). 


Me 


(I) 
(II) 


Me 
| — 

O 

(ILL: X=H and OH) 


EXPERIMENTAL 


The various 5’-benzoyl-3’-methyl-2’-hydroxychalkones (I), 6-benzoyl-8-methyl 
flavanones (IT),-flavones (IIT, X=H) and flavanols (III, X have been prepared by the 
general procedures, described below, and all the compounds are listed in Tables I to 
IV. The solvent for crystallisation of each compound is indicated by letter in parenthesis 
(A, acetic acid and E, ethanol). 


*Present address: Research Laboratory, Amar Dye Chem. Limited, P. B. 28, Kalyan (Maharashtra). 
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General Procedures 


5’- Benzoyl-3’-methyl-2’-hydroxychalkone (1).—A 46°, KOH solution (20 c.c.) was 
added to a homogeneous solution of 5-benzoyl-3-methyl-2-hydroxyacetophenonce 
(I g.) and the aldehyde (0.7. g.) in ethanol (20-20ce.c.) with continuous shaking. The mix- 
ture was kept overnight at room temperature (22-26 ) after heating for 5-10 minutes on 
water bath, when the colour changed from yellow to brown. On dilution with ice-water 
and acidification by HCl (1:1), a yellow solid separated. It was washed with NaHCO, 
solution (5%) and crystallised. It developed characteristic deep red colour with H,SO, 
(cone). It dissolved in NaOH solution with yellow color and gave reddish brown co!o ir 
with ethanolic ferric chloride. 


TABLE I 
cones (1) 


Sr.No. Substituent Colour and cryst. form M.P. Formula. Found. Caic. 


Nil Yellow shining needles (A) Cy3H i803 


Acetyl of (1) (E) 96° C: 77 78°12 


Pale yellow 


needles (A) 


3-Hydroxy 0,4 


4. Acetyl of (3) Colorless 109° C.7H,,0° C: 72.98 73.30 
needles (E) H: 4.90 4.98 
5. 2-Methoxy Yellow 160° CopHao4 C: 77.34 77.42 


granules (A) H: 5.27 5.38 

6. Acetyl of (5) Colorless 101° CygH,,0, 75.11 75.36 
plates (EtOAc) . H: 5.25 5.31 

3,4-Dimethoxy Yellow 165° C,5H2.0; C.: 74.55 74.62 
needles (A) H: 5.38 5.47 

8. Acetyl of (7) Pale yellow 117° Cy7H 2406 C: 72.73 72.97 
needles (E) H 5.30 5.41 

9. 3,4-Methylene-dioxy Yellow shining 191° C.,Hi805 C: 74.38 74.61 
needles (A) H: 4.52 4.66 

10. Acetyl of (9) Clusters of yellowish 147° Cy9H 2006 C: 72.63 72.91 
needles (E) H 4.57 4.66 

ll. 3-Nitro Green shining 175° 70.98 71.31 
needles (A) H: 4.35 4.39 

12. Acetyl of (11) Yellowish 143° C,5;H:gVgN CC: 69.64 69.92 
needles (E) H: 4.42 4.43 

13. 3-Chloro-4-methoxy treenish yellow needles(A) 150° Cl: 8.70 8.73 
14. Acetyl! of (13) Slightly yellow granules 134° CygH2105Cl Cl: 7.83 791 


(EtOAc) 


Note: The compounds No. 1, 5, 7 and 9 are mentioned in the earlier paper (Amin and Amin, loc. cit.) 


The acetyl derivative was prepared by heating a mixture of the chalkone, acetic an- 
hydride and few drops of pyridine. The reaction mixture after dilution with acidulated 
water gave a solid which was crystallised. 

6-Benzoyl-8-methyl flavanone (I1):—A hot solution of 5’-benzoyl-3’-methyl-2’- 
hydroxychalkone (0.5g.) in ethanol (30-40 ¢.c.) was treated with 10°, aqueous H,SO, 
(15-20 e.c.) till a whitish turbidity appeared. Sufficient ethanol (10-15c.c.) was added to 
get a clear solution, which was refluxed on a water bath for 25-35 hours. Afterwards, 
ethanol was removed by distillation and the coloured solid obtained on cooling the 
residual liquid was crystallised. 
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( 

| C: 80.50 80.70%, 

H: 5°06 5°26 

; H: 5.12 5.21 
6.67 76.81 

H: 4.94 5.00 


SYNTHESIS OF 6-BENZOYL-8-METHYL FLAVONOIDS 


TABLE I 


6- Benzoyl-8-methylflavanones (11) 


Sr.No Substituent Colour and cryst. form. M.P. Formula, Found. Cale. 
(R’), 


‘ 


1. Nil Pale shining 108° C3H;30, C : 80.23 80.70 
plates (E) . H: 5.23 5.26 
3’-Hydroxy Yellow shining 124 804 C: 76.57 76.81 
plates (E) H: 4.79 5.00 
17. 2’-Methoxy ale yellow 134° Hoo C: 77.09 77.42 
needles (E) H: 5.33 5.38 
18, 3’, 4’-Dimethoxy Yellowish 127° C,,H220; C: 74.51 74.62 
granules (E) H: 5.46 5.47 
19. 3’,4’-Methylenedioxy Yellowish brown 154 C,,H,805 C : 74.18 74.61 
granules (E) H: 4.65 4.66 
20. 3’-Nitro Yellowish shining 144° C.3H;7O,N C: 70.86 71.31 
plates (E) H: 4.37 4.39 


3’-chloro-4’methoxy Greyish granules (E) Cl: 8.62 8.73 


6- Benzoyl 8-methy/flavone (111, X=H).—Selenium dioxide (0.5 g.) was added to the 
chalkone (I. 0.5 g.) dissolved in dry isoamyl! alcohol (20-25 ¢.c.) and the mixture was re- 
fluxed at 150-60° for 18-20 hours (CaCl, guard tube). The precipitated selenium was filtered 
and the filtrate was subjected to the steam distillation to remove isoamyl! alcohol. The 
brownish solid obtained was crystallised. 


TABLE III 
6-Benzoyl -8-methyl-flavones (III, X =H) 


Sr. No. Substituent Colour and eryst. M.P. Formula, Found. Cale. 
(R’) form 


32. Nil Colourless 183° 1605 C 80.87 81.17 

granules (E) H: 4.63 4.71 

23. 3’-Hydroxy Yellow 240° 77.31 77.53 

granules (A) H: 4.37 4.49 

24. 2’-Methoxy Brownish 210° 804 C : 77.50 77.84 

granules (A) H: 4.81 4.87 

23. 3’,4’-Dimethoxy. Yellowish short 254° C 25H C: 74.77 75.00 

needles (E) H: 4.94 5.00 

26. 3’,4’-Methylene- Yellowish 225° i695 C: 74.71 75.00 

dioxy needles (A) H: 4.14 4.17 

27, 3’-Nitro Yellowish 241° 71.46 71.68 

needles (A) H: 3.86 3.09 

28. 3’-Chloro-4’-methoxy Brownish shining 222° Ch: 8.64 8.78 
needles (A) 


6- Benzoyl-8-methylflavonol (III, X =OH).—5°%, NaOH (20-25c.c.) solution was added 
toa solution of chalkone (I, 0.4 g.) in ethanol (25 ¢.c.). The brownish red solution was treat- 
ed with 16% H,O, (5-7c.c.) after cooling in an ice bath and left for 3-4 hours. A solid began 
to separate and the colour of the solution slowly changed to yellow. The reaction mixture 
was then left overnight at room temperature (22-26 ). On dilution with ice-cold water and 
acidif.cation by dilute HCl, a yellow solid separated, which was crystallised. It is soluble 
in excess of alkali and develops a greenish blue fluorescence with cone. H,SO,. 

The acetyl derivative of flayonol was prepared by the acetic anhydride—pyridine 
method. 
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Sr. No. 


CHEMISTRY DEPARTMENT, 
M. N. VisNacar, 
(GugaRat Stare). 


Substituent 


(R’) 
Nil 
Acetyl of (29) 
3-Hydroxy 

Acetyl of (31) 
2’-Methoxy 

Acetyl of (33) 
3’,4’-Dimethoxy 
Acetyl of (35) 
3’,4’-Methylenedioxy 
Acetyl of (37) 
3’-Nitro 

Acetyl of (39) 
3’-Chloro-4’-methoxy 


Acetyl of (41) 


Colour and cryst. 


form 


Yellow 
granules (A) 
Colourless 
needles (E) 
Greenish short 
needles (A) 
Colourlesss 
plates (EF) 
Yellowish shining 
short needles (A) 
White slim 
needles (E) 

Light vellow 
needles (A) 
Colourless 
necdles (E) 
Yellowish light 
needles (A) 
Dsecoloured 
short needles (E) 
Almost colourless 
granules (A) 

yellow 
plates (E) 
Brownish shining 
needles (A) 
Colourless thin 
needles (FE) 


K. C. AMIN AND G. C. AMIN 
TABLE IV 
6-Benzoyl-8-methylflavonols (111, X=OH) 


M.P. 


Formula. 


C,5H1205 
C24H,805 
H 
C25H1,05 
C27H2,0; 
696 
Cog H, 307 
C23H,50¢N 
(25H 
C,,H,705C1 


CogH 


Received November 24, 1960. 


Found. 
C: 77.34 
H 4.42 
C: 74.99 
H 4.51 
C : 73.87 
H 4.18 
C: 
H 4.28 
C: 74.33 
H 4.62 
C: 72.52 
H 4.63 
C : 71.90 
H 4.69 
C 70.23 
H 4.72 
C: 71.81 
H 3.93 
C : 70.28 
H: 4.01 
C: 68.59 
H 3.70 
C: 67.56 
H 3.80 
Cl: 8.29 
Cl: 7.56 


Cale. 


77.54 
4.49 
75.37 
4.53 
74.20 
4.27 
71.04 
4.38 
74.61 
4.66 
72.91 
4.67 
72.11 
4.81 
70.73 
4.80 
72.00 
4.00 
70.60 
4.07 
68.82 
3.74 
67.72 
3.84 
8.44 


7.69 


One of the authors (G.C.A.) thanks Gujarat University, Ahmedabad-9 for a research 
grant for some chemicals and Ministry of Scientific Research and Cultural Affairs, Govern- 
ment of India, New Delhi, for an apparatus grant. 
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Studies in Quinones. Part I. Azophenols: Monophenyl- 
hydrazones of Quinones 


Shiam Sunder Joshi, Daleep Singh Deorha, and Prem Chandra Joshi 


Phenylhydrazines on condensation with quinones give rise to products which behave both as azophenols 
and as monophenylhydrazones of quinones. Such derivatives from six quinones and nine substituted phenyl- 
hydrazines have been prepared and characterised. 


Following the observations (Zincke and Bindewald, Ber., 1884, 17, 3026) that 1,4- 
naphthaquinone when condensed with phenylhydrazine gave rise to a product which be- 
haved both as a 1.4-naphthaquinone monophenylhydrazone and as phenylazonaphthol, 
the reaction was further investigated by a number of workers (Borsch, Annalen, 1904, 
234, 143; 1905, 240, 85; 1905, 248, 176; 1907,357; 171; Ber, 1921, 54, 669, 1287; Annalen 
1926, 450, 75; Giacolone, Gazzetta, 1928, 58, 409; Mazzara, ibid., 1879, 9,424, Kuhn & Bar, 
Annalen, 1935, 516, 143). 

The present work has been undertaken with a view to studying the compounds obtain- 
ed by condensation of simple quinones, viz., p- benzoquinone, thymoquinone, p-toluquinone, 
chloranil, anthraquinone and 8-methylanthraquinone with several substituted phenylhy- 
drazines, viz., 4-nitro-(I), 2-bromo-4-nitro-(II), 2-chloro-4-nitro-(III), 4-chloro-2- 
nitro-(IV), 2-chloro-4,6-dinitro-(V), 2-bromo-4, 6-dinitro-(VI), 4, 6-dinitro-3-methyl-(VII), 
6-bromo-2, 4-dinitro-3-methyl-(VIII) and 6-chloro-2, 4-dinitro-3-methyl-(IX) phenylhy- 
drazines. 

The products so formed have been found identical with those obtained by condens- 
ing the diazonium salts of the corresponding anilines with phenols. 

The behaviour of anthraquinone, 8-methylanthraquinone and chloranil has been 
found different from others. These fail to react with phenylhydrazines having substitu- 
ents in both the ortho positions to the hydrazine group, but condense with the mono 
ortho-substituted ones. The products in the latter case also do not behave normally ; nei- 
ther these dissolve in alkali nor form acetyl derivatives or dihydrazones (with phenylhy- 
drazine). Azophenols from other quinones dissolve in aqueous sodium hydroxide, can be 
acetylated, yield dihydrazones with phenylhydrazine and give coloured solutions with 
concentrated sulphuric acid. 

The azophenols are all coloured, varying from deep red to dark chocolate in shade, 
slightly soluble in alcohol and more easily in acetic acid from which they can be crystallised. 


EXPERIMENTAL 
Azophenols 


Condensation of Nitrophenylhydrazines with quinones.—An ethanolic solution of a 
nitrophenylhydrazine and a quinone in equimolecular proportions was heated in presence 
of a small amount of HCl (conc.). On cooling (and in some cases on adding a little water) 
the azophenol derivative separated, It was crystallised from acetic acid. 


3 


S. S. JOSHI, D. S. DEORHA, AND P. C. JOSHI 
TABLE IA 


Azophenols from p-benzoquinone and substituted phenylhydrazines. 


No.  Phenyl- Azophenol M.P. Formula. Found. Cale. 


hydrazine (1’-azo-4’-ol 


1. I 4-Nitro- 211° C,.HgO3N3 N : 17.42% 17.28 
2. II 2-Bromo-4-nitro- 186° C,,Hg0,N,Br Br: 24.53 24.84 
3. 2:Chloro-4-nitro- 196° Cl: 13.03 12.79 
4, IV 4-Chloro-2-nitro- 178° C,gHgO5N,C1 Cl : 12.48 12.79 
5. 7 2-Chloro-4, 6-dinitro 180° C,2H705N,C1 Cl : 10.76 11.00 
6. VI 2-Bromo-4, 6-dinit ro- 183° Br: 21.93 21-79 
7. Vil 4,6-Dinitro-3-methyl- 225° CigHicOsNy N : 1842 18.54 
8. VIII 6-Bromo-2, 4-dinitro-3-methyl- 198° 3H 9O,N,Br Br: 21.21 20.99 
9. IX 6-Chloro-2, 4-dinit ro-3-methyl- 200° Cl: 10.81 10.54 


TABLE ITA 


Az phenols fram thymaquinone and substituted phenylhydrazines. 


No. Phenyl- Azothymol MP. Formula. Found. Cale. 
hydrazine (1’-azo-2’-methyl- 
5’-isopropyl-4’-ol.) 


1. I 4-Nitro- 168° N : 14.31% 14.04 
3. Il 2-Bromo-4-nit ro- 176° Br: 21.33 21.16 
3. Til 2-Chloro-4-nitro- 185° Cl: 10.92 10.64 
4. IV 4-Chloro-2-nitro- 150° Ci gH Cl : 10.28 10.64 
5. Vv 2-Chloro-4: 6-dinitro- 193° CigH,505N,Cl Cl: 9.69 9.37 
6. VI 2-Bromo-4: 6-dinitro- 185° Br : 18.68 18.91 
7. VII 4:6-Dinit ro-3-methyl- 205° N : 14.39 15.64 
8, 6-Bromo-2:4-dinit ro-3-methyl- 196° Ci Br: 18.47 18.30 
9. IX 6-Chloro-2:4:dinit ro-3-methyl- 202° 70,N,C1 Cl: 8.62 9.04 


TABLE IITA 


Az»phenols from p-taluquinone and substituted phenylhydrazines. 


No. Phenyl- Azocresol (1’-az0-3’- MP. Formula, Found. Cale. 
hydrazine methyl-4’-ol), 


1. I 4-Nitro- 203° N : 16.57% 16.34 
2. II 2-Biomo-4-nitro- 161° C1 3H Br: 23.83 23.65 
3. III 2-Chloro-4-nitro- 176° CygH1,03NgC1 - Cl : 12.22 12.17 
4. IV 4-Chloro-2-nitro- 128° CygH1,0gN5Cl Cl : 12.49 12.17 
5. 2-Chloro-4, 6-dinitro- 160° CigH9O5N,Cl Cl: 10.91 10.54 
6. VI 2-Bromo-4, 6-dinitro- 156° Ci Br: 21.24 20.99 
VII 4,6-Dinitro-3-methy]- 157° N : 17.93 17.72 
8 VIII 6-Bromo-2,4-dinit ro-3-methyl- 152° Br: 20.58 20.25 

6-Chloro-2,4-dinitro-3-methyl- 150° Cl: 10.49 10.12 


Condensation of Nitrobenzenediazonium chlorides with ¢henols—(a). A nitroaniline, 
dissolved in 2} times its molecular proportions of HCl (conc.) was diazotised. The 
filtered diazonium chloride solution was added to the requisite quantity of a phenol, 
dissolved in methanol, treated with an excess of aqueous sodium acetate solution, and 
well stirred. The product separating was crystallised from acetic acid, 


| 
a 
( 
0 
a 
h 
a 
il 
a 
p 
al 
§.} 
1. 
3. 
4, 
8.) 
1. 
3. 
4 


STUDIES IN QUINONES. PART I. AZOPHENOLS 397 


(4) Sodium nitrite (0.11) was added slowly with vigorous stirring to H, SO, (cone., 
40c.c.), cooled in an ice bath. After addition of the nitrite the mixture was warmed to 
about 40-45 till a clear solution was obtained. It was then cooled and a dinitroaniline 
(0.1 M) was added in small portions with stirring. After keeping at 10-15 for 4 hours, the 
diazotised amine was added to about one litre of ice-cold water and the solution was filter- 
ed. The clear solution obtained was added slowly with stirring to a solution of a phenol 
(0.1 M.) in acetic acid (300 c.c.) containing sodium acetate (150 g.). During the first 
part of addition the temperature was kept at 10-15, but after about 100 c.c. 
of the diazonium salt solution had been added, the temperature was lowered to 5 . After 
all of the diazonium solution had been added, the reaction mixture was stirred for half an 
hour, filtered, and washed thoroughly with cold water. The product was crystallised from 
acetic acid. 

A mixture of the azo compounds from the above two methods showed no depression 
in m.p. 

Acetylation of Azophenols—A mixture of azophenol with three times its weight of 
acetic anhydride and some anhydrous sodium acetate was boiled for half an hour. The 
acetyl derivative formed was crystallised from acetic acid. 

Phenylhydrazones of Azophenols—An alcoholic solution of an azoyhenol and phenyl- 
hydrazine in equimolecular proportions was heated on water bath for an hour, The 


product was crystallised from alcohol. 

Analytical data and characteristics of azophenols obtained from different phenylhy- 

drazines and quinones together with those of their acetyl and phenylhydrazine derivatives 


are given in Tables I to VI 


TABLE IV 


Monophenythydrazones from chloranil and substituted phenylhydrazines. 


Monophenylhydrazone formed 


S.No, Phenylhydrazine. Formula, Found. Cale, 

1. 4-Nitro- 290° Cl: 37.68% 37.27% 

2, _ 2-Bromo-4-nitro- 300° Bt N: 901 9.13 

3. 2-Chloro-4-nitro- C,,H,O3N Cl; Cl: 42.91 42.72 

4. 4-Chloro-2-nitro- 280° C1,H,OgNQCl Cl: 42.41 42.72 

5. 4,6-Dinitro-3-methyl- 300° Cl: 32.68 32.27 
TABLE V 


Monophenylhydrazones from anthraquinone and substituted phenylhydrazines. 


Monophenylhydrazone formed. 


8.No. Phenylhydrazines M.P. Formula. Found. Cale. 
1. 4-Nitro- 300° N : 12.58% 12.24% 
3. 2-Bromo-4-nitro- CygH Br: 18.62 18.95 
3. 2-Chloro-4-nitro- Cl: 9.71 9.40 
4. 4-Chloro-2-nitro- CagH Cl: 9.63 9.40 


4:6-Dinit ro-3-methyl- N: 13.61 13.93 
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STUDIES IN QUINONES. PART I. AZOPHENOLS 
TABLE VI 


Monophenylhydrazones from B-methylanthraquinone and substituted phenylhydrazines. 


Monophenylhydrazone formed. 
Phenylhydrazines. M.P. Formula, Found. Cale. 


4-Nitro- 174° : 11.48% 11.76%, 
2-Bromo-4-nitro- 178° : 18.34 
2-Chloro-4-nitro- 172° 1: &. 9.06 
4-Chloro-2-nitro- 166° Cy1H,405N,Cl 1: 9. 9.06 
4:6-Dinitro-3-methyl- 142° Cy, HigO5Nq 13. 13.46 


Scnuoot or CHEMISTRY, 
Meerut CoLuLece, Received January 19, 1961. 
MEERUT. 


The number of azophenols corresponds to those listed in Table IIIA 
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Reactions of Tungsten (VI) Oxytetrachloride with Phenols 
and Nitrophenols 


Sarju Prasad and K. §S. R. Krishnaiah 


The interaction of tungsten (VI) oxytetrachloride with some mono-, di-, and trihydroxyphenols and 
mono- and dinitrophenols has been studied; the properties of tht phenoxides formed have been studied an! 
their constitutions discussed. 
No work appears to have been done on the action of tungsten (VI) oxytetrachloride 
on phenols and nitrophenols. Funk and Baumann (Z. anorg. allgem., Chem., 1937, 231, 
264) studied the action of WCl, on phenol and B-naphthol. The present authors studied 
the interaction of WCi, with phenols and nitrophenols (this Journal, 1960, 27, 681). 
The work has now been extended to study the action of some mono-, di-, and trihydroxy- 
phenols, and mono- and dinitrophenols on tungsten (VI) oxytetrachloride. 


EXPERIMENTAL 

Tungsten (VI) oxytetrachloride was prepared by the method described earlier (this 
Journal 38, 552). The organic solvents were dried and distilled. The phenols and 
nitrophenols used were of B. D. H. or Merck‘s ‘extra pure’ quality. 

General Method of Preparation—To liquid or low melting phenols or nitrophenols, 
dissolved in benzene, WOCI, in CS, was added. The mixture was then heated on a water 
bath till evolution of HCl ceased. 

Other phenols and nitrophenols were similarly dissolved in benzene and WOCI, in CS, 
was added to them; but in these cases the mixture was gently warmed on an oil bath till 
the solvents evaporated off. The temperature of the bath was then raised 10-15 higher 
than the m.p. of the respective phenol or nitrophenol, and heating continued till HC! 
ceased to evolve. 

The products obtained in both the cases were washed with benzene till free of phenols 
or nitrophenols and dried in a vacuum desiccator. Tungsten was estimated as WO, and 
the percentages of tungsten and the empirical formulas of the compounds were calculated 
from the weights of WO, obtained. Carbon and hydrogen were estimated by combustion 
method in four of the compounds and nitrogen by Duma’s method in two. 


DISCUSSION 


All the compounds are coloured, insoluble in common organic solvents except 
ethanol and acetone in which they are sparingly soluble. They are very stable in dry 
atmosphere but hydrolyse slowly on boiling with water or with dilute alkali solutions. 
These do not give sharp m.p. but decompose when heated. 

On analysis it is found that one molecule of tungsten (VI) oxytetrachloride reacts 
with four molecules of a monohydroxy and two molecules of a dihydroxy or trihydroxy 
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402 S. PRASAD AND K. S. R. KRISHNAIAH 


phenols, and the corresponding phenoxides are formed. The compounds formed may be 


represented as : 


in the case of mono- and dihydroxy phenols respectively. Nitro and dinitrophenols 
give similar compounds, only the hydroxy group being affected. 

In the case of pyrogallol and phloroglucinol, only two hydrogen atoms are displaced 
from the three hydroxyl groups present in them. From the experiments carried out it is 
not possible to find the position of free OH-group, and therefore no definite structure can 
be assigned to these compounds formed. 

The authors’ sincere thanks are due to the authorities of the Banaras Hindu Univer- 
sity for providing facilities. 
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The Nuclear Magnetic Resonance Spectrum and the 
Structure of Rauwolfinine 


(Mrs.) A. Chatterjee and §. Bose* 


The structure of rauwolfinine has been established through NMR spectrum. 


Rauwolfinine (Chatterjee and Bose, Science & Culture, 1951, 17, 12) was isolated 
from the Cochin variety of Rauwolfia serpentina Benth, homogeneity of the compound 
being established from an examination of its paper chromatogram as also from its X-ray 
powder data. The singular nature of the base was also confirmed by Professor C. Djerassi 
of Stanford University, U.S. A. whom the authors thank most cordially. From degradation 
studies (Bose, this Journal, 1954, 31, 47, 211, 691; 1958, 35, 72), the essential details 
of the structure of rauwolfinine appear to be clearly established as in (I), the carbon 
skeleton being in full consonance with the biogenesis of the Rauwolfia alkaloids 
(Chatterjee, Pakrashi, and Werner, Fortschr. der. Chem. Org. Naturstoffe, 1956, 12, 34€-443; 
Woodward, Angew. Chem., 1956, 68, 13; Wenkert, Expericntia, 1959, 15, 165; Leete, J. 
Amer. Chem. Soc., 1960, 82, 6338). 


(I) (11) 


The elementary analyses of the base and those of its salts and other derivatives are 
in better agreement with the composition C,,H,,N,O, rather than with C,,H,.N,0,. On 
this basis it was suggested by one of the authors (S. B.) that the ethyl group at C,, (vide 
structure II) which arises from its progenitor (III) by fission of the hydrated prephenate 
moiety (ring E, III) by retroaldol process (Wenkert, Experientia, icc. cit.) sufiers degrada- 
tion to the lower homologue (I) through oxidation followed by decarboxylation during 
the biosynthesis of the alkaloid. Such oxidation to a carboxyl has been observed in 
cylindrocarpine and cylindrocarpidine (Djerassi, Archer, George, Gilbert, Shoolery, and 
Johnson, E2perientia, 1960,16, 532) isolated from Brazilian Aspidosperma species belong- 
ing to the family Apocynaceae. Such biogenetic transformation (from II to I) suggested 
above, however, needs verification for final decision on the inclusion or exclusion of the 
formulation (II) for rauwolfinine. Since nuclear magnetic resonance spectrum seemed 
appropriate for deciding between (I) and (II), a pure sample of rauwolfinine was studied in 


*Present address ; Naticn 1! Sugar Institute, Kanpur. 
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deuterochloroform solution employing a 60 megacycle instrument for examining the 
chemical shifts (Fig. 1). 


(III) 


The positions of the peaks are shown in cps referenced relative to the signals from 
tetramethylsilane (used as the standard). 

The most important information about the structure of reuwolfinine came from the 
NMR proton count by electronic integration, which demonstrated quite clearly the presence 
of 26 protons and thus obviously established the empirical formula of the alkaloid asC,,,H ,«- 
O..N, instead of the equally acceptable C,,H,,N,O, (from analysis), favouring the struc- 
ture (II) for rauwolfinine. Conclusive evidence of the formulation (II) forthe base was ad- 
duced from the studies of the following chemical shifts. 

(i) Atriplet inthe region 44 cps and the peaks around 85 cps (for splitting up of 
-CH, protons) emphasises the occurrence of ethyl side chain in rauwolfinine, 


Amongst other valuable informations were: 


(ii) AB system of the type 


H 
R 
(IV) 


where R and R’ are different substituents, the characteristic multiplet for four 
aromatic protons appearing around 437 cps. 

(iii) The quartets centered round 397 eps are due to intramolecular hydrogen bon- 
ding between proton at C, and oxygen atom attached to B-carbon atom (II). 

(iv) A tall signal at 164 eps typical of -N.CH,. 


(v) Several peaks around 260 cps (due to splitting of the hydrogen atoms of 
-O-CH(OH) by the neighbouring protons) indicating the presence of a six-membered oxide 


CH-C | 
ring and at 23) cps for -CHOH. The beautiful splitting of the 260 cps peaks may be 


assigned to the proton on C,¢ which couples its spin to the proton on C,,. 


(vi) The signal at 182 cps for spin coupling of protons at C,, and C,,. 
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The empirical formula, the nuclear magnetic resonance data, and the chemical in- 
formations provided earlier for rauwolfinine (vide swpra), are thus combined in expression 
(II) which presents the most rational formulation for the alkaloid. 


It was of further interest to observe in connection with elucidation of the structure of 
this base that acid hydrolysis of rauwolfinine gave an aldehyde, D.N.P.H. (melts with 
gradual decomposition above 210° and frothing continues till 255°) which was virtually 
identical with that prepared from deoxyajmaline, C,,H,¢N,O, by the action of 5 N- 
H,SO, (Chatterjee and Bose, Science & Culture, 1955, 20, 606) or pericdic acid 
(Woodward, Angew. Chem.,1956, 68, 13). 


The authors acknowledge their grateful thanks to Dr. A. Melera, Varian AG., Ziirich, 
Switzerland, for the NMR spectra of rauwolfinine. 


DEPARTMENT OF Pure CHemistry, 
University or Science & TecuHno.ocy, Received April 15, 1961, 
CaxcutTTa - 9. 
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Acid Polymerization of Furfural and 5:-Hydroxymethylfurfural 
(HMF). Part Il. Kinetic Studies in Furfural Polymerization 


NirmaJendu Dutta and P. K. Choudhury 


A kinetic study of the rate of polymerization of furfural in presence of orthophosphoric acid as catalyst 
reveals that rate of polymerization both in air and nitrogen is low and follows a straight line curve initially, 
but towards the later stages, abrupt changes take place leading to gelation. Experiments have been carried 
out in air and nitrogen with different percentages of catalysts at 60° and the amount of unchanged furfural 
has been determined at regular intervals by the standard method. 


In a previous communication (Nateson, Ghosh, and Choudhury, this Journal 
1959, 36, 215), the results of the viscometric studies in the polymerization of furfural 
with orthophosphoric acid as catalyst have been reported. A kinetic study in the poly- 
merization of furfural with the same catalyst has since been undertaken and the results 
are presented. 


A study of the kinetics of furfural polymerization in presence of mineral acids in aqueous 
medium has been made by previous workers (Williams and Dunlop, Ind. Eng. Chem., 
1948, 40, 239). They found the reaction to be pseudounimolecular and the rate directly 
proportional to the concentration of hydrogen ion and to the concentration of furfural 
provided it was in the range of 1-2 per cent. The effect of temperature upon the reaction 
rate was also studied by them and it was observed that the reaction velocity was accelerat- 


ed with increase in temperature. From the Arrhenius equation K = 
specific reaction rate, EH =energy of activation, R=molar gas constant, and 7’=tempera- 
ture), they also calculated the value of the energy of activation and found it to be 20 
k cal./mole. 

While Williams and Dunlop (Joc. cit.) were able to derive a mathematical expression, 
which would permit calculation of the rate of polymerization of furfural (1-2) with mineral 
acids in aqueous medium, the present work was undertaken with the object of determining 
the rate of polymerization of 106% furfural with orthophosphoric acid as catalyst. Ortho- 
phosphoric acid was selected as catalyst due to its mild acidic nature compared to the 
mineral acids, and it permitted the polymer from furfural formed during reaction to be 
present in linear soluble stage during the progress of the reaction. With mineral acids, 
even with very low concentration, furfural polymers formed even during the initial stages 
became completely cross-linked preventing thereby further study of the kinetics. 


EXPERIMENTAL 


A sample of pure furfural (100 g.) (colorless, b.p. 161.7°), freshly distilled under high 
vacuum from the commercial product, was treated with orthophosphoric acid (from 10g.to 
30g.) of sp. gr. 1.75 as catalyst in a three-necked flask (250 c.c.). It was then well stirred and 
kept in a thermostatic bath at 60+-0.1°. The sample was continuously stirred with a 


n 
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mechanical stirrer. Some of the initial studies were made under ordinary atmospheric 
conditions and some of those later under nitrogen. 

Analysis (Volumetric)—The method of Hughes and Acree (Ind. Eng. Chem., 
Anal. Ed., 1936, 6, 292) was followed by us for the quick and accurate estimation of 
furfural during the process. 

About 0.5-2g. of the sample was weighed out from the reaction vessel at regular 
intervals of time, and then diluted to 500 ¢.c. with distilled water in a volumetric flask. 
The monomer remained in solution, and if at any time any precipitate formed, it was 
allowed to settle. 

This prepared solution (25 c.c.) was then transferred to a specially prepared titration 
flask (500 c.c.) containing 200 c. c. of 3% HCl (A.R.). The flask contained two side arms 
(100 c.c.) at right angles to each other. 1N-KBrO,-KBr solution (25c.c. ; 50g. KBr/litre) 
and 10 c¢.c. of 10% KI solution were kept in the two side arms of the titration 
flask. (The use of this flask is to eliminate the possibility of loss of bromine). The flask 
was then placed in an ice bath for some time till the temperature of the solution 
was below 2°. Then the KBrO.-KBr solution was added to it, and kept for 3 minutes for 
the completion of the reaction. KI solution was then added and the excess I, liberated 
was titrated with 0'1N thiosulphate solution using starch as indicator. Blank experiment 
was also performed with the same volume of reagents and the volume of thiosulphate 
solution for unche nged furfural was then calculated. 


Thiosulphate solution (0°1N, 1 ¢.c.) = 0.0048g. of furfural. 


From the above relation, the percentage of unchanged furfural was calculated. The results 
are presented in Tables I and IT. 


TABLE I 
Polymerization under atmospheric conditions at 6040.1". 


Amount of furfural (%). 
(a). (b). (c). 


No. Time of 
polymeri- Unchanged. Consumed Unchanged. Consumed Unchanged. Consumed 
zation (hr.). (calc.). (calc.). (cale.). 

:, 0 100.00 0.00 100.00 0.00 100.00 0.00 
2 20 99.32 0.68 98.85 1.15 98.10 1.90 
S. 44 97.85 2.15 97.35 2.65 92.75 7.25 
4. 68 95.05 4.95 94.32 5.68 88.95 11.05 
3. 92 93.25 6.75 91.40 8.60 — 88.43 11.57 
6. 116 92.76 7.24 92.38 7.62 85.55 14.45 
7. 140 91.81 8.19 89.42 10.58 

8. 164 91.99 8.01 88.56 11.44 

9. 188 90.52 9.48 
10. 212 87.58 12.42 85.83 14.17 
$t. 236 88.45 11.55 83.65 16.35 
12. 260 91.75 8.25 86.80 13.20 
13. 284 85.68 14.32 
14. 308 79.70 20.30 
15. 332 80.32 19.68 


Catalyst Hz PO,: per 100g. furfural. (a) 7g.,(b) 15 g., (c) 30g. 
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TABLE II 
Polymerization under nitrogen at 6040.1". 


a). (b 
No. Time of Amount of furfural (°%) No. Time of Amount of sta (%). 
Polymeri- Un- Consumed Polymeri- Unchanged. Consumed 
zation changed. (calc.). zation (calc.). 
(hr.) (hr.) 
1. 0 100.00 0.00 l. 0 100.00 0.00 
2. 24 99.03 0.97 2. 22 99.00 1.00 
3. 48 _ 98.10 1-50 3. 46 98.15 1.85 
4. 72 99.00 1-09 4. 70 98.00 2.00 
96 97.50 2.50 94 95.70 4.30 
6. 120. 6. 116 
7. 144 95.95 4.05 121 
8. 192 92.20 7°80 8. 144 93.20 6.80 
9. 216 91.10 8.90 9. 168 92.50 7.50 
10 240 90.45 9.55 10. 189 92.08 7.92 
ll 264 87.33 12.67 ll. 213 92.83 7.17 
12 288 84.86 15.14 12. 237 91.89 8.11 
13. 261 90.44 9.56 


Catalyst H3PO,: per 100g. Furfural. (a) 10 g., (b) 15g. 


The percentage of furfural consumed has been plotted against time and a smooth 
curve has been drawn which initially resembles a straight line, but at later stages shows a 
sudden deviation in the upward direction probably due to gelation. 


DISCUSSION 


It is evident from the data in Tables I and II that the conversion of furfural mono- 
mer into furfural polymer in air as well as in nitrogen was very small even after a prolonged 
period of reaction. When the percentage of polymer formation was plotted against time 
of polymerization, straight line curves in each case were obtained (curves 1, 2 and 3.) The 
data in the later stages in the curves did not always lie on the straight line. It was also 


Time, hrs. 
FIG. 1. 
Curves 1-3 refer respectively to 7.5g. H3PO,, 15g. H3sPO, and 30g. HjPO, per 100 g. furfural. 
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observed from the curves that the rate of reaction depended completely upon the con- 
centrations of the catalyst (temperature remaining constant). After 100 hrs. of reaction 
with 7.5% catalyst concentration 5% furfural polymerized, whereas with 30% catalyst 
only 14% furfural polymerized under the same atmospheric conditions. 


Time. hrs. 


FIG. 2. Curves | and 2 refer respectively to 10g. HzPO,+ 100g. furfural and 15g. H,PO,+- 100g. furfural, 


In Table IT data collected under nitrogen have been presented. It was observed that 
the polymerization rate was very small in this case also and only a small fraction of the 
monomer (10-15%) polymerized even after 300 hrs. A curve (Fig. 2) similar to that obtain- 
ed earlier in presence of air (Fig. 1) was obtained by plotting the percentage of polymer 
formation against time of polymerization. The dependence of the rate of reaction upon 
concentration of the catalyst was observed here also. 


From the analysis of data, thus far collected, it is apparent that results more or less 
similar in nature are obtained with different percentages of catalyst both under atomos- 
pheric conditions as well as under nitrogen. The reaction appeared to be pseudo-unimol- 
ecular in nature, but it did not obey the same order during the later stages. The specific 
reaction rate has been calculated to be of the order of 10-5 to 10—7 sec! depending on the 
concentration of the catalyst (assuming the first order kinetic equation to be valid in each 
case). 

One of th: authors (N.D.) is grateful to the Council of Scientific and Industrial 
Research for the award of a junior research fellowship. 


Received Mareh 9, 1961. 
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Behaviour of Electrolytes in Mixed Solvents. Part VII. Con- 
ductance of Barium Chloride and Bromide in Dioxane- 
Water Mixtures at 35° 


P. B. Das and D. Patnaik 


The conductance of the solutions of barium chloride and bromide in 10, 20, and 30% dioxane-water 
mixtures by weight has been measured at 35°. Adopting the method of Jenkin and Monk, the dissociation 
constants and diameters of the ion pairs, BaCl* and BaBr*, have been computed. 


The conductance of the solutions of barium chloride and barium bromide in 10, 24, 
and 30% dioxane-water mixtures has been measured at 35°. This study has been undertak- 
en with a view to ascertaining the effect of the solvent composition on the diameter of 
the ion pair BaCl* and BaBr*. The dissociation constants of the ion pairs Kpaci* and 
Kpasr’ required for calculating the diameter of the ion pairs by Bjerrum’s method 
have also been calculated. 


EXPERIMENTAL 


BaCl, used was of B. D. H. ‘AnalaR’ quality, whereas BaBr, was of E. P. E. Merck 
variety. Both the samples were analysed for Ba** content by standard methods (Vogel, 
“Text Book of Quantitative Analysis”, p.566). Preparations of the solvents, solutions, 
and conductance measurements at 35° have been reported earlier (this Journal, 1959, 28, 
761). 


TABLE I 


Cone. Conductance of barium chloride (vbhm~"') in Conductance of barium bromide (ohm™') in 
10% dioxane. 20% dioxane. 30% dioxane. 10% dioxane. 20% dioxane. 30%dioxane. 


0.020 122.18 114.00 ‘ 133.33 120.46 98.38 
0.018 124.85 114.50 ! 135.71 120.46 99.40 
0.016 125.17 115.70 J 138.97 123.33 100.95 
0.014 125.83 116.38 m 140.06 125.09 101.75 
0.012 126.89 117.88 . 143.58 127.00 103.99 
0.010 128.02 120.11 5.22 147.33 128.47 105.93 
0.008 130.63 123.40 J 150.71 129.00 107.08 
0.006 132.61 124.13 ; 152.85 131.11 109.09 
0.004 136.49 127.44 ‘ 155.92 134.83 112.06 
0,002 148.40 140.40 2 165.50 150.00 126.25 


Cone. in equiv/litre. 
DISCUSSION 


Righellato and Davies (Trans. Faraday Soc., 1930, 28, 592) have pointed out that in 
case of mono-bivalent electrolytes equilibria of the type: 


M,A 2M*+A?- 
+M*t — 
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exist: the dissociation constant K for MA™ is 


[M*] [A77]_ fut 
K= [MA] 


Assuming similar behaviour to exist in case of bi-monovalent electrolytes, PaCl, and BaBr,, 


[Ba**] [cr] xfer 


where f represents the activity coefficients of the corresponding ions and the square bracket 
indicates the molar concentration. 

Following the method of calculation by Jenkin and Monk, the values of ‘«’ and the 
dissociation constants Kyacit and Kgagr* of the electrolytes for each concentrations 
at different solvent compositions are calculated. The method of calculation has been re- 
ported earlier (loc. cit.). 

The conductance data for BaCl, and BaBr, have been recorded in Table I. The 
calculated values of ‘«’, the dissociation constant K, and the diameter of the ion pairs 
Ba('l* and BaBr* have been tabulated in Table II. So far as the diameters of the ion pairs 
are concerned, it can be stated that the diameter of the ion pair BaCl* is unafiected up to 
3°), solvent composition, whereas that for BaBrt is so only up to 20% by composition. 

The authors are thankful to Jnan Vijnan Parishad of the Utkal University for a 
research grant to one of them (P. B. D.). 


DEPARTMENT OF CHEMISTRY, 
RaveNsSHAW COLLEGE, Received March 17, 1961. 
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SHORT NOTES 


Preparation of Some z-Bromo:1-(subst. phenyl)-.1,3-buta-diones 


H. G. Garg* 


In continuation of the earlier work (Garg, J. Org. Chem., 1961, 26, 948) on the 
bromination of reactive methylene compounds through their sodium or copper salts, 
the bromination of 1-phenyl-1,3-buta-diones has now been studied. These diones can 
yield two bromo compounds :(I & I): 


 R.CO.CHBr.CO.CH, (1) 


\ 
R.CO.CH,.CO.CH,Br (IT) 
(R=phenyl or subst. phenyl) 


R.CO.CH,.CO.CH, 


It has been shown by previous workers (Kréhnke and Timmler, Ber., 1936, €9B, 
614) that (I) is converted to (II) in presence of hydrobromic acid. The present method 
has the advantage that no free hydrobromic acid is formed in the course of the reaction 
so that there is no possibility of interconversion. In all these cases only the 2-bromo 
compounds (I) were formed. 


The bromine atom is very labile and the bromo compounds liberate iodine frcm aci- 
dified potassium iodide solution resulting in the original B-diketones. 


Sodium Salts of 1-(Subst. phenyl)-1,3-buta-diones.—A mixture of ethyl acetate 
(I mol.), substituted acetophenones (1 mol. ), ether, and granulated sodium (1 atom) was 
kept at 0° for several days. The sodium salts thus obtained were filtered and washed 
well with dried ether. ; 


Copper Salts of B-Diketones.—Sodio-derivatives obtained above were treated with 
ice-cold dilute acetic acid and the liberated £-diketones taken up in ether. On prolonged 
shaking of the extracts with aqueous cupric acetate, the copper complexes, which 
precipitated, were crystallised from chloroform. 


2- Bromo-1-(subst. phenyl)-1 ,< -buta-diones.—The sodium or copper salts of B-diketone 
were suspended in CCl,, cooled, and then treated with bromine (mol. ratio), dissolved in 
the same solvent. The metallic bromides formed were filtered. The "residues left after 
evaporation gave the bromo derivatives. These were recrystallised from alcohol. The bromo 
derivatives thus obtained are described in Table I. 


*Present address: Central Drug Research Institute, Lucknow. 
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H. G. GARG 
TABLE I 


x¢ c0.cHBr.CO.CH, 


% Yield. M.P.* Colour. Formula. °% Halogen. 
Nasalt. Cu salt. Found. Calc. 


54 61 Colorless C;,HgO02BrCl 41.80% 41.90% 
77 63 Colorless C,,HgO2Bre 49.67 50.00 
56 61 Colorless C,1H,,O2Br2 30.76 31.37 
58 60 Colorless C:,H;O2BrCl, 48.60 48.70 
CH;,0 H 58 60 Dirty white Ci:H110; Br 29.20 29.50 


*M.P.s. are uncorrected. 


Author’s sincere thanks are due to Dr. 8.8. Joshi, Principal, Meerut College, Meerut, 
for his interest and to the Ministry of Scientific Research & Cultural Affairs, Government 


of India, for a research scholarship. 


DEPARTMENT OF CHEMISTRY, 
Meerut 
MEERUT. 


Received April 24, 1961. 
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Synthesis of Antidiabetic Sulphonylurea Compounds 


8. J. Das Gupta 


Sulphonylurea derivatives of the general formula, p-R-CgH,SO,NHCONH-R’ 
(where R is amino, alkyl, or halogen and R’ is alkyl group) possess remarkable antidiabetic 
properties. Such compounds introduced into medicine are carbutamide (R=NH,; R’= 
CH,.CH,.CH,.CH,-), tolbutamide (R =CH,; R’=CH,-CH,.CH,.CH,) and chlorpropamide 
(R=Cl; R’=CH,.CH,.CH,-). In this paper a general and commercially successful method 
for the synthesis of this type of compound is described. 


The benzenesulphonamide derivative (p-R-CgH,-SO,NH,) is heated with equimole- 
cular proportion of potassium cyanate in alcoholic solution for severa] hours when potas- 
sium salt of the sulphonylurea (p-R-CgH,SO,NHCONH,) is obtained. On acidification 
in aqueous solution it furnishes the pure sulphonylurea compound which on heating with 
the hydrochloride of the alkylamine (R’-NH,) in non-aqueous solvent for several hours 
affords the required sulphonylurea derivative of the general formula, p-R-Cg;H,SO,NHCO- 
NH-R’. These are obtained as colorless crystals from dilute methanol or ethanol, 
melting with decomposition. 


Carbutamide (p- Aminobenzenesulphonylbutylurea). — p-Aminobenzenesulphonamide 
(1 mol.) and potassium cyanate (1 mol.) were heated in ethanolic solution for several 
hours under reflux. On cooling, a crystalline mass separating was filtered, washed with 
ethanol, dried, again dissolved in water at room temperature, and filtered. When the 
filtrate was acidified in cold with dilute hydrochloric acid, p-aminobenzenesulphonylurea 
separated. This was collected, washed, and crystallised from water in colorless needles, 
m.p. 144-45° (decomp). (Found N, 19.08. C;H,O,N,S requires N, 19.53%). p-Aminobenzene- 
sulphonylurea (Imol.) and butyl" amine hydrochloride (1.2 mol.) were heated in ethanolic 
solution for several hours under reflux. About half the alcohol was then distilled and the 
residue was diluted with water in cold when p-aminobenzenesulphonylbutylurea 
separated in a semi-solid state. This was collected and washed with cold water, 
dissolved in 10% NaOH solution, treated with charcoal in cold and filtered. The filtrate 
was acidified in cold with dilute hydrochloric acid when the compound separating was 
collected, washed with cold water, and crystallised from di'ute methanol in colorless 
needles, m. p. 140-41° (decomp.). (Found: N, 15.41; C,,H,,0,8 requires N, 15.49%). 


Tolbutamide | p-methylbenzenesulphonylbutyl® urea) was similarly prepared by taking 
p-methylbenzenesulphonamide instead of p-aminobenzenesulphonamide and obtained 


; 
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ed as colorless needles from dilute ethanol, m.p. 127-29° (decomp.). (Found: N, 10.30. 
C,.H,g0,N,8 requires N, 10.37%). 


Chlorpropamide (p-chlorobenzenesuiphonylpropyl® urea) was also similarly prepared 
from p-chlorobenzenesulphonamide and propyl"amine hydrochloride and obtained as 
colorless needles from dilute ethanol, m. p. 127-29 (decomp.). (Found: N, 10.23. 
C,,.H,,0,N,CIS requires N, 10.12%). 


The yields at every stage of the reactions are very high. 


The author wishes to express his sincere thanks to Sri N. Adhikari, Manager, Bengal 
Chemical and Pharmaceutical works, for his interest in this work, 


Sir PraruLcLa CHANDRA ResEARCH LABORATORY, 
BenGat Cuemicat & PHARMACEUTICAL Works, Received February 22, 1961. 
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Configuration of the Hydroxyl Groups in Cassaidine 


Vishwa Prakash Arya 


Cassaidine is an alkaloid isolated from the bark of Erythrophleum guineense G. Don 
(Ruzicka and Dalma, Helv. Chim. Acta, 1940, 28, 753). Acid hydrolysis of cassaidine affords 
NN-dimethylaminoethanol and a diterpene acid, cassaidic acid, which contains two 
hydroxyl groups. Mild oxidation with chromic acid converts this acid to diketocassenic 
acid, which has also been obtained by the oxidation of cassaic acid, a closely related diter- 
pene acid containing the same carbon skeleton as cassaidic acid. This acid contains one 
hydroxyl group and a keto group (Dalma, ibid., 1939, 22, 1947; Faltis and Holzinger, 
Ber., 1939, 72, 1443). 

The structure and configuration of cassaic acid has been shown to be (I) by Turner 
et al. (Tetrahedron Letters, 1959, 2, 7). Engel (Helv. Chim. Acta, 1959, 42, 1127) has inde- 
pendently assigned a 38-equatorial configuration to the hydroxyl group in cassaic acid. 
Evidence presented in this communication indicates that both hydroxyl groups in cassai- 
dine(II) possess 8-equatorial orientation. 


Cassaic acid was reduced with sodium borohydride to cassaidic acid, m. p. 275°, 
[ «Jp —102° (c=1), A max 219 my, log € 4.2? (ethanol), infrared bands (in nujol mull) at 3500, 
1692, 1645 em™. (Found: C, 71.25; H, 9.79. Cale. for C,,H,,0,: C, 71.39; H, 9.59%). Treat- 
ment of cassaidic acid with ethereal diazomethane furnished methyl] cassaidate, m.p. 162-63° 
(lit. m.p. 162-63"), [ «]p -104°, A max 223 my; log € 4.22 (ethanol), infrared bands (CHCI, 
solution), 1700, 1645 em~'. Lithium aluminium hydride reduction of methyl cassaidate 
furnished an unsaturated triol (III), m. p. 218-20°, [ «]p -87°. (Found: C,74.89; H, 10.68. 
C,oH;,0, requires C, 74.49; H, 10.63°%). This compound did not exhibit any significant 
ultraviolet absorption above 210 mu. Infrared bands (in KBr- disc) at 3400, 3300, 1010, 
1015 (hydroxyls) 1665 em™' (>C=CH-—). On microhydrogenation over 10% Pd/C 
catalyst, one mole of hydrogen was absorbed. In chloroform-methanol (1:1) solution the 
triol consumed one mole of perbenzoic acid in 24 hrs. at 4°. 
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On reduction of methyl cassate under similar conditions, the same triol ‘III) was obtained 
inabout 80% yield. Theresults of thesereduction experiments prove that both hydro- 
xyl groups in cassaidic acid and consequently in cassaidine have the 8-equatorial configura- 
tion. 


The author expresses sincere thanks to Dr. D. W. Mathieson for his interest in this 
work which was carried out in the School of Pharmacy, London, England. 
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Synthesis of 2’-Hydroxy-5’-propionamino-4-nitro- <-methyl 
Chalkone 


A. A. Raval and V. M. Thakor 


The synthesis of « -alkylchalkones from w-alkylacetophenones, such as, propiophen- 
ones and butyrophenones, does not seem to have been much investigated. A synthesis of 
benzylidenepropiophenone has been reported in literature (Abell, J. Chem. Soc., 1901, 
79, 929) from propiophenone and benzaldehyde using alkaline condensing agents like 
sodium methoxide, sodium ethoxide, potassium hydroxide as well as an acid condensing 
agent like dry hydrogen chloride. 


Tn the present case an attempt has been made to condense 2-hydroxy-5-propionamino- 
propiophenone, obtained by the Fries rearrangement of p-aminophenol dipropionate, 
with several aromatic aldehydes employing different concentrations of caustic potash solu- 
tion. The condensation has been found to be successful only with p-nitrobenzal- 
dehyde. The reaction seems to be more vigorous since it yields the chalkone in an hour. 
The reaction has been investigated using different concentrations of alkali and changing 
the reaction period. The reaction seems to be the most favourable with 20% KOH at room 
temperature for 1 hour. Phosphorus oxychloride has also been employed successfully as a 
condensing agent. 

The chalkone has been converted into 7-propionamino-3-methyl-4’-nitroflavone by 
the action of selenium dioxide in amyl alcohol. 


dipropicnate of -amincyhenol, 
prepared from p-aminophenol, propionic anhydride, and pyridine, was crystallised from 
ethanol, m. p. 165°. (Found: N, 6.08. C,,H,,O0,N requires N, 6.33%). 


p-Aminophenol dipropionate (3.0 g., 1 mol.) and anhydrous aluminium chloride 

(6.0 g., 3.3 mols.) were heated in an oil-bath at 140° for an hour. The pale green solid, 

obtained on working up as usual, crystallised from dilute ethanol as pale green needles, m.p. 
125° (1.8 g.). (Found: N, 6.10. C,,H,,NO, requires N, 6.33%). 

2’-Hydroxy-5’-propionamino-4-nitro- « -methylchalkone.-To a hot solution of 2- 

hydroxy-5-propionaminopropiophenone (1.0 g., 1 mol.) and p-nitrobenzaldehyde (0.7 g., 

1 mol.) in ethanol (20.0 c.c.) was added potassium hydroxide solution (20.0%; 20.0 c.c.) 
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gradually with stirring, when the colour of the reaction mixture changed from pale brown 
to deep red. It was then left at room temperature for 1 hour, On dilution and acidification 
in cold (with 5.0 c.c. of cone. HCl), an orange solid separated, which was collected, 
washed with sodium bicarbonate solution, and crystallised from ethanol, in red brown 
needles, m. p. 140° (0.5 g.). (Found: C, 64.10; H, 4.69. C,,H,s0,N, requires C, 64.40 
H, 5.08%). 

The benzoylcxy derivative crystallised from ethanol, in light brown needles, m. p. 
151-52°. (Found: C, 67.79; H, 4. 48. C,¢H,,N,0¢ requires C, 68.13; 4.80%). 


6-Propianamino-3-methyl-4’-nitrcflavcne —A mixture of the above «-methylchal- 
kone (0.5 g.), selenium dioxide (0.5 g.), and isoamyl alcohol (15.0c.c.) was refluxed on an oil- 
bath at 140-45° for 12 hours. The reaction mixture was filtered hot in order to remove the 
precipitated selenium and the filtrate was steam-distilled to remove isoamyl alcohol, 
when an orange-brown solid separated, which was washed with dilute alkali (5.0%) and 
crystallised from ethanol in light brown needles, m.p. 180° (0.15 g.). (Found: C, 64.42; 
H,4.22. C,,H,¢N,0, requires ©, 64.77; H, 4.54%). 
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We Manufacture. . 


Laboratory Chemicals 
Reagents 


of a wide range under rigid 


control and expert supervision 
to ensure guaranteed standard 
reliability. 


A selection from our range: 


*Acetone *Carbon Tetrachloride 
*Alcohol Methyl *Lead Acetate 
*Barium Carbonate 


*Barium Chloride 
*Benedicts’ Solution *Magnesium Sulphate XL 


*Liquor Ammon Fort 


*Benzene *Xylol 


HEAD OFFICE: 35, PANDITIA ROAD, CALCUTTA 29 


(&) THE CALCUTTA CHEMICAL CO., LTD. 


Branch Office & Depots at: 
Delhi, Madras, Bombay, Bangalore, Vizag, Ranchi, Nagpur, Jamshedpur, Patna, 
Bilaspur, Bhagalpur, Madhupur, Asansol, Siliguri. 
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this 


YREX 


Regd. Trade Mork 


It is chosen because 


‘PYREX' BOROSILICATE GLASS 


@ withstands thermal shock—its 
coefficient of expansion is 
extremely low 

@ resists chemical attack 

@ has exceptional mechanical 
strength—considerably reducing 
replacement costs 

@ can easily be cleaned and sterilized 

and is constant in all its standards 

of accuracy and all its 
characteristics 


ENGLISH ‘PYREX’ 
scientific and laboratory glassware 


Made in England by James A. Jobling & Co. Ltd., Wear Glass Works, Sunderland. 
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Manufacturers of :- 


Phone: 34-3176. Telegrams : Nadiachemi. 


NADIA CHEMICAL WORKS PRIVATE LTD. 


C 44, 45 & 46, COLLEGE STREET MARKET, CALCUTTA-12. 


1. CHEMICALS—Benzene, Toluene, etc., Bromine, 
Halogen derivatives of both Organic and Inorganic 
compounds and other fine Laboratory Chemicals. 


2. STILLS for distilling Essential Oils, Alcohols, 


Water, etc. 
RECTIFIERS, CONDENSERS, etc. 


OVENS, Baths, etc. for Gas, Oil or Electric heatings. 


4. Scientific Apparatus (PHYSICAL, CHEMICAL, 
BIOLOGICAL, etc.) of both Glass and Metal. 


MICRO-ANALYSIS APPARATUS. 


Please ask for Estimates. 
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The Perkin-Elmer 
double-beam Infracord 
Spectrophotometer is the most 
compact and inexpensive 
infrared instrument available, 
featuring utmost simplicity of 


operation with excellent resolution, 


It identifies unknowns; 

performs qualitative and 
quantitative analyses; controls 
the purity of products with speed, 
accuracy and reproducibility. 


A large number of 
accessories generally 
associated with 

higher priced 
instruments can be 

used with the Infracord 
family, thereby extending 
its utility in every type 
of infrared investigation, 


Four models in the MODEL 


RANGE 


Infracord family covering 
various infrared regions 
are now available. 


137-8 
INFRACORD 


From 2.5 to 15 microns 
with NaCL prism monochromator 
and two-speed scanning 


INSTRUMENT DivIsION 


Perkin-Elmer Gyan 


NORWALK, CONNECTICUT 


237 
INFRACORD 


From 2.5 to 16 microns in 2 steps 
(2.5 to 7.7, S to 16 microns) 
Employs first-order double-grating 
monochromator giving remarkably 
high resolution. Two-speed scanning 


Sold and serviced in India exclusively by 


BLUE STAR 


137 KBr 
INFRACORD 


From 12.5 to 25 microns 


BLUE STAR ENGINEERING 
CoO. (Calcutta) Private LTD. 
7 HARE STREET, CALCUTTA 1 
Also at BOMBAY * DELHI - MADRAS 


137-G 
INFRACORD 


With two first-order gratings 
from 0.83 to 2.55 microns in 
near infrared and 2.45 to 7.65 
microns in fundamental region 


PSBS-PE 49/60R 
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B.D.H. LABORATORY CHEMICALS 
in education, research and industry 


In numerous labora- 
tory applications B.D.H. 
reagents play a vital part 
in healing, teaching, 
research and every pro- 
ductive activity from 
agriculture to atomic 
energy. 

‘AnalaR’ reagents have 
an international reputa- 
tion as materials for 
use in analytical work 


Recent B.D.H. booklets, issued 
free on request, include Titration 
in Non-Aqueous Solvents, 
Biological Stains and Staining 
methods, Linde Molecular 
Sieves, Ion Exchange Resins, Sugar 
Phosphates and Related Substances. 


Laboratory Chemicals Division, 


604) BRITISH DRUG HOUSES (INDIA) PRIVATE LTD. 
8 Graham Road, Bombay-1 
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You cannot be too careful about 
the filter papers you use. 
For consistently accurate results use 
only GENUINE WHATMAN papers 
t ir E> in your laboratory. They are made by 
modern techniques that guarantee 
their quality: their properties are 
> t by leading scientists throughout the world 
=m because with Whatman you can be sure 
t you are getting the correct results in 
all filtration procedures. They have 
no substitute. So look at the label 


examined and controlled at every stage 
a carefully and see that it is 
Dp ae GENUINE WHATMAN before you buy. 


of manufacture. They are preferred 


ensure correct results 


H. REEVE ANGEL & CO. LTD 
Gt. Britain: 9 Bridewell Place, London EC4 
USA: 9 Bridewell Place, Clifton, New Jersey 


Sole distributors of 


WHATMAN FILTER PAPERS 


ufacturers W & R Balston Ltd 
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